The role of element homeostasis in neoplastic disease pathogenesis is beyond question. The imbalance of trace elements precisely underlies the initiation and promotion of tumor pathology. The aim of the study was to investigate blood and tissue macroelements, microelements and hemoproteins level in brain tumors and their intermolecular interactions. Samples of blood and brain tumor tissues were investigated. Detection of myoglobin level was implemented by the reaction of passive hemagglutination and immunoturbidimetric test. Catalase activity was determined by the method of Beer and Sizer. Free radical activity was determined by the method of induced biochemiluminescence. Microelements level was investigated by usage of atomic emission spectrometry. To build the networks of studied hemoprotein interactions with signaling pathways of proteins, expressed in brain tumors, molecular interaction databases (STRING, BioGrid) were used. Modern databases of signaling pathways (KEGG) suggest that in normal cells hypoxia can lead to HIF-1A protein synthesis. ROS synthesis inhibits the PHD enzyme and triggers the release of calcium ions, and increases proliferation. Calcium ions are triggering factor of apoptosis and cell proliferation. Myoglobin can possibly be the cell adaptation factor towards hypoxia, oxidative stress and element homeostasis violation, and myoglobin level decreasing can additionally stimulate proliferation, by apoptosis inhibition.
Introduction
Primary tumors of central nervous system are a rare group of diverse tumors that account for less than 2% of all tumors, but are the fourth most common cause of cancer death. Despite of advances in neurosurgery, the development of intraoperative navigation, as well as chemo and radiation therapy, treatment of primary central nervous system tumors is still insufficiently effective. The average life-expectancy of those patients after surgery and following chemotherapy and radiation therapy is 14 and 25 months for the glioblastoma multiforme (GBM) and anaplastic astrocytoma respectively. It is also known, that the 5-year survival rate for intracranial glioblastoma multiforme (GBM) does not exceed 10% [1] . The role of element homeostasis in neoplastic disease pathogenesis is beyond question [2] . The imbalance of trace elements precisely underlies the initiation and promotion of tumor pathology, not only via nuclear and mitochondrial DNA metabolism modulation and reparation, but also through changes in various enzymatic and protein molecules, immune cells and antioxidant activity [3] . Catalase is considered to be one of the main antioxidant enzymes, which belongs to class Oxidoreductases and represents a hemoprotein consisting of 4 subunits. This hemoprotein catalyzes hydrogen peroxide decomposition, protecting the cell from oxidative stress. Catalase can also defend the tumor cells from apoptosis. Catalase has been suggested to synthesize on the tumor cell membrane surface and so this enzyme decomposes hydrogen peroxide, interferes with HOCl synthesis, inactivates HOCl and NO, which are the trigger factors of tumor apoptosis [4] . Myoglobin, also belonging to hemoproteins, ensures reversible binding with oxygen, as well as oxygen storage and transport to the oxidative system cells from hemoglobin. Myoglobin has been reported to reveal in non-muscle tissue too, under anaerobic conditions [5] . Myoglobin high level has been revealed [6] in malignant tumors of human epithelial tissues (breast cancer, ovarian carcinoma, colorectal cancer) at the early stages of the disease development. Myoglobin tumor-suppressing role at the expense of mitochondrial activity inhibition is now a subject-matter of the discussion [7] .
In the present study, the aim was to investigate blood and tissue macroelements, microelements and hemoproteins level in brain tumors, as well as their intermolecular interactions.
Materials and Methods

Sample Preparation
Samples of blood and brain tumor tissues were taken from 12 patients with malignant brain tumors (glioma, glioblastoma, astrocytoma), and among them there were 6 men and 6 women, aged 39 to 53; 7 patients with benign brain tumor (meningioma, subependymoma), among them there were 3 women and 4 men aged 37 to 59, prior to treatment. 
Myoglobin Detection
Detection 
Catalase Detection
Catalase activity in brain and erythrocytes was determined by the method of Beer and Sizer (1952), based on optical density decreasing in the region of hydrogen peroxide light absorption at 240нм. So long as catalase is an enzyme of antioxidant defense system, free radical activity of blood plasma by the method of induced biochemiluminescence was determined at the same time [10] .
Statistical Data Processing
Statistical data processing was performed using STATISTICA Base software 
Results
In our study a significant increase (more than 7 times) of calcium concentration in blood and brain tumor tissue were detected, compared with healthy people. In 
Discussion
In our study a significant increase (more than 7 times) of calcium concentration in blood and brain tumor tissue were detected, compared with healthy people.
Hypercalcemia in brain tumors is a well-known fact [11] . Inositol-3-phosphate signaling system is dominant for maintaining the proliferative activity of embryonic cells, so the increase of calcium concentration, which is a secondary messenger, leads to the activation of this system [12] . In malignant brain tumors magnesium level was reduced, but increased magnesium level has been shown to stabilize and activate hypoxia-inducible factor 1α (HIF-1α), which, in turn, reduces hypoxia-induced effects in the cell [13] [14] . HIF-1α has been shown as a master regulator of hypoxic response [13] . A correlation between catalase activity and magnesium level as well as the content of myoglobin and magnesium level possibly reflects magnesium role in antioxidant system, as long as magnesium is essential for glutathione synthesis reaction, so it's deficiency increases free radical formation. It has also been shown, that hypomagnesemia suppresses reactive oxygen species (ROS)-induced HIF-1α activity [15] .
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The free radical activity in the tumor tissues was significantly increased in malignant and benign brain tumors compared with the control group. Probably, the increase of catalase activity in brain tumor tissues could indicate an increased concentration of peroxides, which need to be inactivated by this enzyme [16] .
The decrease of catalase activity in erythrocytes can be possibly associated with a reduction in the generation of H 2 O 2 in the blood in the neoplastic process progression [17] . In the investigation of healthy people brain tissue (control group) myoglobin was not detected. At the same time myoglobin was determined in large concentrations in brain tumor tissue of patients with benign and malignant tumors: in malignant tumors, its concentration was higher than in benign tumors. This is probably due to hypoxia inducible expression of myoglobin. It is known that myoglobin is detected in tissues in hypoxia: the expression of this hemoprotein in various tissues is shown, including brain and liver, in chronic hypoxia [18] . So, [5] showed a high level of myoglobin in malignant tumors of epithelial tissues (breast cancer, ovarian cancer, colon cancer) at the earliest stages of the disease. In malignant human cells myoglobin is induced by a variety of signals associated with tumor progression, including mitogenic stimuli, oxidative stress, and hypoxia. Probably, the enhanced expression of myoglobin in tumor tissues is due to the effect of hypoxia-inducible factor (HIF). It is known that HIF-1a is a mediator of hypoxic cell damage, particularly in the brain [19] .
In model experiments on animals exposed to hypoxia, global cerebral ischemia and focal ischemia increased expression of HIF-1a gene has been shown. Modern databases of signaling pathways (KEGG) suggest that in normal cells the conditions of hypoxia can lead to HIF-1A protein synthesis. Besides, it is known, that [18] chronic intermittent hypoxia (CIH) induces reactive oxygen species (ROS) generation, thereby increasing HIF-1α expression.
Detected reduced magnesium content in brain cancer cells can lead to decreasing of HIF-1α activation, and probably, can serve as initiating agent for pathologic proliferation development. This factor, together with the protein p53 leads to synthesis and activation of proteins p21/27, which in turn inhibits CDK4/6 and leads to proliferation decrease. Intermittent hypoxia, leading to activation of the NOX enzyme, activates ROS synthesis, which inhibits the PHD enzyme and triggers the release of calcium ions. Calcium ions can be a triggering factor of two fundamental processes, apoptosis (often implemented under normal conditions) and cell proliferation via the Ras protein.
In glioma activation of protein synthesis of EGFR was shown, which, presumably, dramatically increases the release of calcium and thus activates the Ras protein, triggering uncontrolled proliferation. This effect may be exacerbated by the effects of ROS on the release of calcium ions (Figure 1 ). There is evidence that under hypoxic conditions the cell produces myoglobin, which inactivates tumor growth and represents a factor of the cells adaptation to hypoxia. According to the literature a hypothetical relationship with MB is noted, as well as the expression of catalase, reduction of free radicals and oxidative stress [15] [17] [20] . 
Conclusions
This is one of the first studies to have examined intermolecular relationships between microelements, hemoproteins and antioxidant enzymes in gliomas.
In hypomagnesemia, observed in cancer cells, HIF-1α stabilization and activation by ROS is violated, and that leads to activation of cell pathological proliferation. Under the circumstances, increased Ca concentration via Ras-way activation leads to cell proliferation activation, more aggravating the situation.
Combined disruption of mineral homeostasis and hypoxia, found in the present study, also can serve as factors, stimulating cell proliferation. Established increasing of hemoproteins activity, such as catalase and myoglobin, can possibly be considered as adaptation factor towards hypoxia, oxidative stress and element homeostasis violation.
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